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RESEARCH MEMORANDUM

ALTTTUDE PERFORMANCE OF AN-F-58 FUELS
1N J33~A~21 SINGLE COMBUSTOR

By Ralph T. Dittrich and Joseph L. Jackson

SUMMARY

An investigation was ocomducted in a single combustor from a
4600-pound -thrust turbojet engine to determine the altitude per-~
formance characteristics of AN-F-58 fuel. Three fuel blends
conforming to the AN-F-58 specification were prepared in order to
determine the influence of fuel bolling temperstures and aroms=tic
content on altitude performance. The performance of the three
AN-*-58 fuels were compared with the performance of AN-F-32 fuel in
the range of altitudes from 5,000 to 60,000 feet, engine speeds from -
50-percent normal rated speed to military rated speed, and flight
Mach numbers of 0.0 and 0.6.

The combustion efficlencies of three AN-F-58 fuels and
AN-F-32 fuel were approximately egual up to altitudes of about
50,000 feet. At higher altltudes some differences occurred. At an
altitude of 60,000 feet, 90-percent normel rated engine speed, and
a flight Mach number of 0.6, & maximum arithmetlcal difference among
the fuels of 14 percent occurred. The effects of fuel hoiling
temperature, as represented by a comparlson of two AN-F-58 fuels
differing in final boiling temperature by 30° F (560° to 590° F),
on combustion efficiency were found to be negliglhle even at the
high altitudes. At the high~altitude condition, the combustion
efficiency of & high-end-point, high-aromatlic AR-F-58 fuel was greater
than that of the high-end-point, low-aramatic AN-F-58 fuel, the
differences being more marked at & flight Mach number of 0.6 than
at a Plight Mach number of 0.0. These differences camnot be
attributed solely to a change in arcmatic content Inasmuch as the
boiling temperatures in the middle distlllebtion range of the two
fuels also differ.

Although the altitude-operatlonal-limit data are rather
inconclusive, the opersble speed range apparently tends to Increase
ag the fuel bolling temperatures in the middle of the dlatlllation
range are lncreased.
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INTRODUCTION

The potemtial aveilability of AN-F-32 fuel for Jet-propulsion
engines is relatively small because of limitations in bolling tem-
peratures and composition. In order to increase the potential supply
of fuel for jJet-propulsion engines, AN-F-58, which has wider speci-
ficatlon limits, has been proposed. A comprehensive program wes
undertaken at the NACA Lewis laboratory to determine the performance
characteristics of fuels conforming to AN-F-58 specification in
current turbojet engines and single cambustors from these engines.

In the single-combustor investigations, speclal attention was
gliven to the Influence of physicel properties of AN-F-58 fuel on
cambustor performance in order to determine whether the limitetions
on physical properties in the proposed specification are too liberal
or too restrictive. The effects of bolling temperature and eromatic
concentration within AN-F-58 specificetion on altitude performance
in a gingle combustor from & 4600-pound-thrust turbojet engine are
presented. Combustion efficiencies and altitude operational limits
were determined in the range of altitudes from 5,000 to 60,000 feet,
engine speeds from 50- to 104-percent (military rating) normal rated
gpeed, and flight Mach numbers of 0.0 and 0.6.

Comparisons of AN=-F-58 fuels with en AN-F-32 fuel were alao
made at these conditions.

FUELS

Specifications and analyses for the AN-F-58 fuels and the
AN-F-32 fuel used in this investigation are presented in table I.

Three fuels conforming to AN-F-58 specificatlion were used. The
first of these (NACA fuel number 48-249) was a uniform mixture of
geveral tank-car lots of AN-F-58 as received from the suppller. For
purposes of this investigation, this fuel, which bolled between
110° and 560° F and contained 19-percent aromstics, was considered a
bage stock. A second AN-F-58 fuel (NACA fuel number 48-258) was
prepared by blending 92 percent of the base stock wlth 8 percent of
a number 3 fuel oil. The resulting blend bolled between 110C
and 590° F and contalned 1l9-percent aromatice. This blend is herein-
after identiflied as the high-end-point fuel. Comparisocns of these
two fuels (NACA fuel numbers 48-249 and 48-258) were intended to
Indicate the effect of boilling temperature on turbojet-engine per-
formance.
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A third AN-F-58 fuel (NACA fuel number 48-279) was prepared by
blending 79 percent of the basme stock with 13-percent redistilled
hydroformate bottoms and S-percent number 3 fuel oil. The resulting
fuel blepd, which boiled between 110° and 590° F and contained
29-percent arcmatics, approaches the AN-F-58 specification limits
of final bolling temperature and aromatic content. This blend is
hereinafter identified as the high-aromatic fuel. Comparisons of
this fuel (NACA fuel number 48-279) with NACA fuel number 48-258
were Intended to indicate the influence of aromatic content on
turbojet-engine performance. The addition of the hydroformate
bottoms, however, increased the boiling temperatures throughout most
of the distillation renge (cf. NACA fuel numbers 48-258 snd 48-279,
table I) and therefore any influence this fuel may have on turbojeb-
engine performance may not be due solely to aromatic content.

Inssmuch as the silica-gel determination for arometic content
(table I) is considered more reliable than A.S.T.M. determinatioms
for ANR-F-58 fuels, all arcmatic concentrationa referred to will be
by the sillca~-gel method.

APPARATUS

& single-combustor assembly of a J33-A-21 englne was connected
to the laboratory air-supply and exhaust facilities (fig. 1) and
wag equipped with the necessary instrumentation to give total-
pressure and temperature readings both upstresm and downstream of
the combustor (figs. 2 and 3). The downstream temperature measure-
ments were obtalned from 1€ chromel-~slumel) thermocouples connected
in parallel, thereby giving an instantaneous average exhaust-gas-
temperature reading. These thermocouples were located in & plane
approximately 28 inches from the fuel nozzle, & position approxi-
metely equlivalent-to the turblne inlet of the engine. The fuel flow
wes measured by a flowmeter, whlich was calibrated for each fuel.

PROCEIURE

The opereting conditlons simmlated engline operation over a
range of engine speeds from 50-percent normal rated speed to military
rated speed, altitudes from 5,000 to 60,000 feet, and at flight Mach
numbers of 0.0 and 0.6. Combustor-inlet air flow, pressures, and
temperatures and combustor-ocutlet gas temperatures (fig. 4) were
calculated from the engline msnufacturer's basic performance curves
for a J33-A-23 engine.
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The operation of the combustor consisted of adjusting the inlet
alr flow, pressure, and temperature for a specific condition and,
after initlating combustion, the fuel flow was adjusted until the
required combustor-outlet temperature was obtained. After sufficient
time was allowed for the combustor and Instrumentation to reach
equilibrium, all pertinent data were recorded. If the required
combustor-outlet gas temperature could not be attailned, the condition
was congidered to be beyond the operational limit.

The combustor was disassembled and cleaned for each series of
runa. (A series coneisted of all altitude and engine-speed condi-
tions for cne fuel at cne Mach number.)

Combustion efficlency is defined as the ratio of the enthalpy
rise across the combustor to the heating value of the fuel supplied
and was calculated by the method described in reference 1.

DISCUSSION OF RESULIS

The data cbtained in the investligation of the four fuels are
shown in figure 5 as plots of combustlon efficlency agalnst engine
gpeed at various altitudes and flight Mach numbers of 0.0 and 0.6.
The altitude operational limits encountered for the four fuels are
indicated on the figure.

The reproducibility of the data as shown by the duplicate data
points in figure 5 was generally within 2 percent. At certain
operating conditions, the reproducibility was poorer, especlally at
50- and@ 60-percent normal rated engine speeds at altitudes of
30,000 and 40,000 feet.

Combustion efficlency. - For ease of comparisom, data from the
faired curves in figure 5 have been replotted in figure 6 to show
the veriation of combustion efficlency with altitude for the four

fuels at two englne speeds.

At 90-percent normal rated engine speed and at both flight Mach
numbers, the differences in combustion efficiency of the four fuels
at altitudes below 55,000 feet were sbout equal to or within the
limits of reproducibility of the data. At this speed and at an
altitude of 60,000 feet, the maximum arithmetical differences in
combustion efficiency emong the four fuels were about 10 percent at
a flight Mach number of 0.0 and 14 percent at a flight Mach
number of 0.6.

9L0T
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At low engine speed and Mach number of 0.0 (fig. 6(a)), the
arltimetical differences among the four fuels were negligible. At
low engine speed and Mach number of 0.8 (fig. 6(b)), however, the
maximum arithmetical differences in combustion efficiency were about
7 percent at altitudes of 40,000 and 50,000 feet and ebout 3 percent
at low altitude.

At the high-altitude conditions where differences do occur
(fig. 6) the combustion efficiency for the base stock AN-F-58 fuel
(48-249) end for the high-end-point AN-F-58 blend (48-258) were
approximately equal. The conclusion is therefore drawn that under

-these conditione of operation the varistiom in boiling temperatures

represented by these two fuels has a negligible effect on combustion
efficlency. :

At the high-altitude conditions, the combustion efficiency of
the high-end-polnt, high-arcmatic AN-F-58 blend (48-279) was greater
then that of the high-end-point, low-aromatic AN-F-58 blend (48-258),
the differences being more marked at a £light Mach nupber of 0.8
than at a £flight Mach number of 0.0. These differences cannot be
attributed solely to a change in arcmatic content inaamuch as the
boiling temperatures in the middle distillation range of the two
fuels also differ. At altitudes lower than 60,000 feet, the combug-
tion efficiencies of the high-aromatlc blend, in gemeral, tend to be

lower than the combustion efficliencles for the other fuels investigated.

At the high-altitude conditioms (fig. 68), the combustion
efficlencies of AN-F-32 fuel (48-306) were, in general, about the
same &8 those for the high-aromatlc AN-F-58 fuel (48-279).

Altitude operatiomel limits. - The engine speeds at which
altitude operatiomnal limits were encountered for the four fuels
(fig. 5) are summarized in table II with the minimum engine speeds
investigated when no limits were reached. )

No minimum operable speed limits were found for the four fuels
at altitudes investigated below 50,000 feet at a £light Mach number
of 0.0. In these cases engine speeds down to 50 percent of normal
rated speed were simnlated. At an altltude of 50,000 feet, limiting
speeds were encountered for the four fuels in the range of engine
speeds from 53 to 58 percent of normal rated speed and at
60,000 feet from 62 to 80 percemt of normal rated speed.

At a flight Mach number of 0.6 (table II), minimum operable
gpeeds were not encountered for the four fuels at altltudes
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investigated below 60,000 feet. The minimum operable speeds for -
the four fuels at 60,000 feet varled between 60 and 66 percent of
normal rated speed.

When the base stock AN-F-58 fuel (FACA fuel number 48-249) is
compared with the high-end-point AN-F-58 fuel (NACA fuel
number 48-258) at a flight Mach number of 0.0 and altitudes of
50,000 and 60,000 feet, 1t 1s seen that increasing the fuel bolling
temperatures has extended the cperable speed range. That 1s, the
mininmm operable speed has been reduced from 58 percent to 53 per-
cent of normal rated and from 80 percent to 76 percent of normal
rated speed at altitudes of 50,000 feet and 60,000 feet, respec~
tively. A%t a flight Mach number of 0.6 and altitude of 60,000 feet,
the operable speed ranges of these two fuels are the same.

9L0T

The high-end-point AN-F-58 fuel (NACA fuel number 48-258) and
the high-aromatic AN-F-58 fuel (NACA fuel number 48-279, table II)
at an altitude of 50,000 feet and a flight Mach number of 0.0 had
the same operable speed ranges. At an altitude of 60,000 feet and
at both flight Mach numbers, the high-aromatic fuel had slightly
wider operable speed ranges. Inasmuch as the bolling temperatures
in the middle distillation range (table I) of the two fuels -
(NACA fuel numbers 48-258 and 48-279) differ, the preceding effect
on altitude limit cannot be attributed solely to the influence of
aromatic content. v

At an altitude of 80,000 feet,the AN-F-32 fuel (NACA fuel
number 48-306) had wider operable speed ranges than the
AR-F-58 fuels.

Although the data for the four fuels in table II are rather

inconclusive, the operable speed range apparently tends to increase
as the fuel boiling temperatures in the middle of the dlstillation

range are incressed. (See table I.)

SUMMARY OF RESULTS

From an investigation of the effects of fuel properties on
altitude performance in a single combustor from a 4600-pound ~thrust
turbojet engine, the following resulte were cbtained at simulated
engine conditions of 5,000 to 60,000 foot altitude, S50-percent normal
rated speed to military rated speed, and flight Mach numbers of 0.0

and 0.6:
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l. The combustion effliciencles of three AN-F-58 fuels and
AN-PFP-32 fuel were approximately equal up to altitudes of ebout
50,000 feet. At higher altltudes some differences ocourred; at an
altitude of 80,000 feet, 90-percent normal rated engine speed, and
a flight Mach number of 0.6, a meximum arithmetical difference of
14 percent occurred among the fuels.

2. The effects of fuel bolling temperature, as represented by
comparison of two AN-F-58 fuels differing in final bolling tempera-
ture by 30° ¥ (560° to 590° F), on combustion efficiency were found
to be negligible even at the high altltudes.

3., At the high-altitude condltlions, the cambustion efficlency
of a high-end-point, high-arcmatic AN-F-58 fuel was greater than
that of a high-end-point, low-aromatlic AN-F-58 fuel, the differences
being more merked at a £flight Mach number of 0.6 than at a Mach
number of 0.0. These differences cannot be attributed solely to a
change in aromatic content inasmnch &s the bolling temperatures In
the middle distillation range of the two fuels alsc differ.

4. Although the altitude-operational-limit data are rather
inconclusive, the operable speed range apperently temds to incresse
a8 the fuel bolling temperatures In the middle of the distillation
range are increased.

Lewis Flight Propulsion ILaboratory,
National Advisory Committee for Aeronautlcs,
Cleveland, Chlo,
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TABLE I - SPECIFICATIONS AND ANALYSIS OF FUELS USED
Specifications Analvysis |
' | ___AN-F-58 AR-F-32 AN-F-58 AN-F-32
NACA fuel 48-249|48-258 |48-279|48-306
AS.TM. distilletion

D 86-46, °F

Initial boiling point| —eececceccae [cecmcmccccas 110 110 110 336

Percentage evaporeted

5 e 135 137 133 350
10 00| eemeeceaaaa 410 (max.) 157 157 164 356
20 - - 192 198 215 360
30 000 ] eescreceanc |eccceccecaca- 230 245 273 365
40 =000 | ecccemancen |cncccececaes 272 291 327 370
56 000000 | ececccseces |ecccacacvcas 314 332 370 375
60 000 | eeereramcce |ccmmcecmaea- 351 373 407 380
7 00| eceececsdaress |ecacccaccaea 388 410 437 387
80 | eeccscccane |eweemcca—nea 427 450 464 394
90 425 min.g 490 {max.) 473 500 501 405

Final boiling point 600 (max. 572 (max. 560 590 590 446

Residue, (percent) 1.5 (mex.) 1.5 (max. 1.0 1.0 1.0 1.0

Loss, (percent) 1.5 (max.) 1.5 (max.) 1.0 1.0 1.0 1.0
Freezing point, °F -76 (max.) -76 (max.) <<76| <-76| <~76|~m=w-=
Accelerated gum,

(mg/100 ml) 20 (max.) 8.0 (max.) 2.9]| 1l2.4| 17.3| 0.0
Alr-jet residue,

(mg/100 ml} 10 (max.) 5 (max.) 2.6| 4.8 8.0 1.0
Sulfur, (percent by

welght) 0.50 (max.) | 0.20 (max.) 0.03f 0.04( 0.04| 0.02
Aromatics, (percent by

volum.a) AdSeT M.

D-875-46T 30 (max.) 20 (max.) 17 17 p-1-J) ST

8ilica gel® = | ccmmemmmeoe |emmmmmameaee 19 19 29 15
Specific gravity | =eeemccaaa- 0.850 (max.) | 0.769| 0.775| 0.806 | 0.831
Viscoslity, (centisitokes -

at -40° F 10.0 (max.) | 10.0 (max.) 2.67| 2.94| 4.26 {v=cn=a
Bromine number 14.0 (max.) 3.0 (max.) 13.8] 13.3| 1244 |ewaw=-
Reld vepor pressure,

(1b/sq in.) [0 [ (G- 5.4 5.1 4.8 {emmune
Hydrogen-carbon ratio - - -- 0.163| 0.161 | 0.150} 0.154
Net heat of combustion 18,200

(Btu/1p) (min.) {-=======m=ux 18,640 |16,690 [18,480 |18,530
Hydrocarbon analyses

(percent by wolume)

Single ring arcmatics 15.0 13.2 14 .8 |memeam=

Fused ring arometics 3.0 4.l | 12.8 [r~w=a=

Unfused two-ring

mtics 005 1-5 104 ------
01efin 7.1 6.2 5-5 ------
Nonaromatie cyclo~

Paraffm rins 15-7 16-7 1403 ------
Noneromatic paraffin

and paraffin side

chain 58.7 58.5 5_]:.4 ------

8petermined by modified method of reference 2.
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TABLE II ~ ALTTTUDE LIMITS AS DETERMINED BY
MINIMUM OPERABLE ENGINE SPEED

Engine speed
(percent normal rated)
NACA fuel AN-F-58 AN-F-32
umber —> 48-249 | 48-258 |48-279 | 48-306
Altitude 50-percent distillation temperature, °F
(£8) 314 | 332 | 370 375
Flight Mach anumber, 0.0
40,000 as50 850 250 250
50,000 58 53 53 53
60,000 80 76 71 62
Flight Mach number, 0.6
50,000 a50 &850 &850 és50
60,000 66 66 63 60

a
No limit, minimum engine speed investigated.
>
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at various altitudes with engine speed for four fuels in single combustor.



NACA RM No. E8BL24
~TE
100
e "] e
- /'//'_,& }’A
20 ] L |, R
o—T LQa v |- > 4~ =Y
4~ L X 2
/1/ /ﬁ //‘ /% //%
/, 4 4 _/ /D
80 < ,'// A A7 Z ,/ <«
o VS ZC /}’
Pa 4 // / A -
K= ¥ P | =gl
5 _—V d / 7
g Lol lo— A //// i //#// A >
B /
o / //// .1 // /{ ,/
s r Y/
s / 2L 7 / 4 /| /
3 60 4 - / 7 Vi 4
& &/ . /
E = f’/ e // £ / 7
] y
(o]
% s0 / ’/ X ,// /|
2 4 [~ iy /
§ V 7 ’/’ //‘
, Required turbine-inlet
"/ /] P
40
/ 4 y Flight Altitude
% Mach (re
/ /f nuauber )
r 0,0 0.6 _
30 ,/ ,/ / —— ——0c — 5,000
{(ﬁ A —~— | ——a--20,000
A ( —A— | ——&c—30,000
- - — —R~-40, 000
N —— | -—&x--50,000
2 T‘ —— ~—--60, 000
5,000 6,000 7,000 8, 000 9,000 10, 000 11,000 12,000
i i Engirlm apeed, rpim | | I
50 60 70 80 90 100 Xilitary
rated

Engine speed, percent normal rated
(&) PFuel, AN-F-32 (NACA fuel number 48-306).
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